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1
OPTICAL DEVICE HAVING OPTICAL
MODULATORS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of U.S. Ser. No. 12/783,966,
filed May 20, 2010, which is based upon and claims the
benefit of priority of the prior Japanese Patent Application
No. 2009-142224, filed on Jun. 15, 2009, the entire contents
of which are incorporated herein by reference.

FIELD

The present invention relates to an optical device provided
with a plurality of optical modulators.

BACKGROUND

An optical transmitter used in an optical communication
system is generally provided with an optical modulator for
modulating carrier light depending on transmission data. A
well-known embodiment of an optical modulator has a con-
figuration including a Mach-Zehnder modulator.

FIG. 1 illustrates a configuration of one example of a
Mach-Zehnder modulator. In FIG. 1, an optical waveguide (a
splitting section 101, a pair of optical waveguides 102a and
1024, and a combining section 103) is formed on a substrate
100. The substrate 100 has an electro-optical effect. The
splitting section 101 splits input light and guides the light to
the optical waveguides 102a and 10254. In this example, the
input lightis CW light ofa TM mode. The optical waveguides
102a and 1025 propagate the input light, respectively. The
combining section 103 combines optical signals propagated
through the optical waveguides 102¢ and 102b. A signal
electrode 104 is formed on one of the optical waveguides
102a and 10256 (the optical waveguide 1025 in the example
illustrated in FIG. 1). A DC electrode 105 is also formed on
one of the optical waveguides 102¢ and 1025 (the optical
waveguide 1025 in the example illustrated in FIG. 1).

In the Mach-Zehnder modulator with the configuration
above, when a data signal is provided for the signal electrode
104, the refractive index of the optical waveguide is con-
trolled based on the data signal, and the phase difference
between the optical waveguides 102a and 1025 is changed by
Mach-Zehnder interference. Therefore, an optical signal
modulated depending on the data signal is generated. By
providing DC bias voltage through the DC electrode 105, the
bias point of the Mach-Zehnder modulator is adjusted. The
DC bias voltage is adjusted by feedback control so that, for
example, the output power is minimized when the data signal
is OFF.

Recently, a transmitting system using a plurality of optical
modulators has been implemented for large capacity optical
signals. For example, multi-level modulation such as QPSK
(including DQPSK) etc., polarization multiplexing, etc. has
been proposed.

A polarization multiplexing modulator includes, for
example as illustrated in FIG. 2, a pair of Mach-Zehnder
modulators 110A and 110B, and a polarization beam coupler
(PBC) 111 for polarization multiplexing the output signals of
the Mach-Zehnder modulators 110A and 110B. Each of the
Mach-Zehnder modulators 110A and 110B may be realized
by the Mach-Zehnder modulator illustrated in FIG. 1 in this
example. The polarization beam coupler 111 multiplexes
polarizations orthogonal to each other (TE mode, TM mode).
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However, with this configuration, the size of the optical
transmitter increases. That is, to reduce the size of the optical
transmitter, it is desired that a plurality of optical modulators
are integrated on one chip.

FIG. 3 illustrates configuration of an optical device having
a plurality of optical modulators on one chip. The optical
device includes a splitting waveguide 120 and Mach-Zehnder
modulators A and B on the substrate 100. The splitting
waveguide 120 splits the input CW light and guides the result-
ant light to the Mach-Zehnder modulators A and B. The
configuration and operation of each of the Mach-Zehnder
modulators A and B are similar to the one described above
with reference to FIG. 1. However, a data signal RF-A is
provided for the Mach-Zehnder modulator A using a signal
electrode 104A, and a data signal RF-B is provided for the
Mach-Zehnder modulator B using a signal electrode 104B.
Therefore, the optical device generates modulated optical
signal A corresponding to the data signal RF-A and modu-
lated optical signal B corresponding to the data signal RF-B.
The modulated optical signal A and the modulated optical
signal B are multiplexed by the polarization beam coupler
111.

The optical device provided with a plurality of Mach-
Zehnder modulators is described, for example, in the Japa-
nese Laid-open Patent Publication No. 2008-116865 or the
Japanese Laid-open Patent Publication No. 2007-57785.

In the optical device provided with a plurality of optical
modulators on one chip, it is often requested that an input
ports for inputting data signals to the optical modulators are
arranged on one side of the chip. However, an optical con-
nector for inputting data signal normally has a size of several
millimeters. Therefore, the interval S illustrated in FIG. 3
cannot be smaller than the optical connector.

On the other hand, in order to reduce the drive voltage of
each optical modulator, it is desired to have a longer interac-
tion length (length of an optical waveguide whose character-
istic is controlled by providing a signal with an electrode).
However, to have a longer interaction length of the Mach-
Zehnder modulator B with the configuration illustrated in
FIG. 3, the signal electrode 104B for providing the data signal
RF-B is formed to be extended from the input port (RF-B)
toward the input side of the modulator. That is, the signal
electrode 104B is excessively longer by the length of Lf.
When the signal electrode is longer, the high frequency com-
ponent of the data signal is attenuated, and the modulation
band is degraded. That is, there is the possibility that the
waveform of the modulation signal is degraded, and the com-
munication quality is reduced. If the substrate 100 is longer, it
is possible to have a shorter path length of the signal electrode
while maintaining the interval between the input ports of the
electric signals. However, the configuration does not satisfy
the request of downsizing the optical device.

As described above, it is difficult to maintain the quality of
modulated signal of an optical device provided with a plural-
ity of optical modulators.

SUMMARY

According to an aspect of an invention, an optical device
includes first and second optical modulators formed on a
substrate having electro-optical effect. The first optical
modulator includes: a first optical waveguide; a first signal
electrode configured to provide a first data signal for the first
optical waveguide; and a first DC electrode, arranged at an
output side of the first signal electrode, and configured to
provide first DC voltage for the first optical waveguide. The
second optical modulator includes: a second optical
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waveguide; a second signal electrode configured to provide a
second data signal for the second optical waveguide; and a
second DC electrode provided, arranged at an input side of
the second signal electrode, and configured to provide second
DC voltage for the second optical waveguide. Input portions
of'the firstand second signal electrodes are arranged at a same
side edge of the substrate.

According to another aspect of the invention, an optical
device includes first and second QPSK optical modulators
formed on a substrate having electro-optical effect. Each of
the first and second QPSK optical modulators includes a pair
of sub-Mach-Zehnder waveguides. In the first QPSK optical
modulator, a first phase control electrode for providing a
control signal to control a phase of the pair of sub-Mach-
Zehnder waveguides is formed at an output side of the pair of
sub-Mach-Zehnder waveguides. In the second QPSK optical
modulator, a second phase control electrode for providing a
control signal to control a phase of the pair of sub-Mach-
Zehnder waveguides is formed at an input side of the pair of
sub-Mach-Zehnder waveguides.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 illustrates a configuration of a Mach-Zehnder
modulator.

FIG. 2 illustrates an optical device provided with a plurality
of optical modulators.

FIG. 3 illustrates an optical device provided with a plurality
of optical modulators on one chip.

FIG. 4 illustrates an optical transmitter provided with the
optical device according to the embodiments.

FIG. 5 illustrates an optical device according to the first
embodiment.

FIG. 6 illustrates an optical device according to the second
embodiment.

FIG. 7 illustrates an optical device according to the third
embodiment.

FIG. 8 illustrates an optical device according to the fourth
embodiment.

FIG. 9 illustrates an optical device according to the fifth
embodiment.

FIG. 10 illustrates an optical device according to the sixth
embodiment.

FIG. 11 illustrates an optical device according to the sev-
enth embodiment.

FIG. 12 and FIG. 13 illustrate variations of the seventh
embodiment.

FIG. 14 illustrates an optical device according to the eighth
embodiment.

FIG. 15 illustrates a variation of the eighth embodiment.

FIG. 16 illustrates an optical device according to the ninth
embodiment.

DESCRIPTION OF EMBODIMENTS

FIG. 4 illustrates an optical transmitter provided with the
optical device according to embodiments. The optical trans-
mitter 1 includes a laser light source (LD) 2, a driver circuit 3,
and an optical device 4.
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In the embodiment, the laser light source 2 generates CW
light with a certain frequency. The CW light is not specifically
limited, but may be linearly polarized light, for example. The
driver circuit 3 generates a data signal based on transmission
data. The generated data signal is provided for the optical
device 4. The driver circuit 3 is connected to the optical device
4 via, but not specifically limited to, a coaxial cable.

The optical device 4 is provided with a plurality of optical
modulators, and modulates input CW light according to the
data signal provided from the driver circuit 3. Each optical
modulator is, not specifically limited to, a Mach-Zehnder
modulator, for example. The optical device 4 is, for example,
an QPSK (including DQPSK) optical modulator, or a polar-
ization multiplexing modulator. The optical device 4 may
include a plurality of QPSK modulators or a plurality of
polarization multiplexing modulators. A modulated optical
signal generated by the optical device 4 is transmitted through
an optical fiber 5.

FIG. 5 illustrates an optical device according to the first
embodiment. The optical device corresponds to the optical
device 4 illustrated in FIG. 4, and the CW light generated by
the laser light source 2 is input to the optical device. The
optical device receives data signals (RF-A, RF-B) generated
by the driver circuit 3.

A substrate 10 is an electro-optical substrate having an
electro-optical effect, and the optical characteristic (refrac-
tive index etc.) of the substrate 10 changes depending on the
provided electric signal. The substrate 10 is realized by an
electro-optical crystal such as LiNbO; (LN), LiTaO,, etc. The
substrate 10 is rectangular in this embodiment.

Optical modulators A and B are formed on the substrate 10.
Here, the optical modulators A and B may be formed in the
surface area of the substrate 10. The input CW light is split by
a splitting waveguide, and guided to the optical modulators A
and B. The splitting ratio by the splitting waveguide is, for
example, 1:1. That is, the splitting waveguide equally splits
the input CW light. The splitting waveguide may be realized
by aY coupler.

The optical modulator A is a Mach-Zehnder modulator in
this embodiment, and includes an optical splitting element, a
pair of optical waveguides 11a and 115, and an optical com-
bining element. The optical waveguides 11a and 115 are
formed in parallel or substantially in parallel to each other.
The input light to the optical modulator A is split by the
optical splitting element and guided to the optical waveguides
11a and 115. The optical combining element combines opti-
cal signals respectively output from the optical waveguides
11a and 115.

The optical waveguide is formed by diffusing metal such as
Ti etc. on the surface area of the substrate 10. Otherwise, the
optical waveguide may be formed by proton exchanging in
benzoic acid after patterning on the surface of the substrate
10.

The optical modulator A includes a signal electrode 12 for
providing the data signal RF-A for the optical waveguide. The
optical modulator A also includes a DC electrode 13 for
providing DC bias voltage for the optical waveguide. The
signal electrode 12 and the DC electrode 13 are formed along
the optical waveguide 115. When the substrate 10 is a Z cut
substrate, modulation and bias control are performed using a
change of the refractive index by the electric field in the Z
direction (direction perpendicular to the substrate 10). In this
case, the signal electrode 12 and the DC electrode 13 are
formed right on or above the optical waveguide 114.

The optical modulator B basically has the same configura-
tion as the optical modulator A, and includes optical
waveguides 21a and 215, a signal electrode 22, and a DC
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electrode 23. However, the signal electrode 22 of the optical
modulator B is provided with the data signal RF-B. The
respective DC bias voltages provided for the optical modula-
tors A and B are independently controlled.

Although omitted in FIG. 5, a grounding electrode may be
formed in an area where the signal electrodes 12 and 22 and
the DC electrodes 13 and 23 are not formed on the surface of
the substrate 10. Since the signal electrode 12 is formed on the
optical waveguide 115, the grounding electrode is formed on
the optical waveguide 11a. Likewise, since the signal elec-
trode 22 is formed on the optical waveguide 214, the ground-
ing electrode is formed on the optical waveguide 21a. In
addition, the respective output terminals of the signal elec-
trodes 12 and 22 are connected to the grounding electrodes
through termination resistors. With the configuration, a
coplanar electrode is realized.

Although not illustrated in the attached drawings, a buffer
layer may be formed between the substrate 10 and each elec-
trode (the signal electrodes 12 and 22, the DC electrodes 13
and 23, and the grounding electrodes). The buffer layer is
provided for preventing the light propagating through the
optical waveguides from being absorbed by the electrodes.
The buffer layer is realized by SiO, with thickness of about
0.2 through 2.0 um.

In the optical device with the configuration above, the
optical modulator A generates the modulated optical signal A
corresponding to the data signal RF-A provided for the signal
electrode 12. Likewise, the optical modulator B generates the
modulated optical signal B corresponding to the data signal
RF-B provided for the signal electrode 22. The modulated
optical signals A and B may be transmitted through respective
optical fibers, or may be transmitted through one optical fiber
after combined or multiplexed.

In the embodiment illustrated in FIG. 5, the optical device
is used for a polarization multiplexing modulator. That is, a
pair of modulation signals generated by the optical modula-
tors A and B are multiplexed by the polarization beam coupler
111. When the optical device according to the embodiment is
used as a QPSK modulator, a phase shift element for provid-
ing a phase difference /2 between the optical modulators A
and B and a combining waveguide for combining the pair of
modulated signals generated by the optical modulators A and
B are formed on the substrate 10, for example.

The bias point or zero point of the optical modulator A is
adjusted by performing feedback control on the DC bias
voltage of the DC electrode 13. Likewise, the bias point or
zero point of the optical modulator B is adjusted by perform-
ing feedback control on the DC bias voltage of the DC elec-
trode 23.

The input portions of the signal electrodes 12 and 22 are
provided on the same side edge of the substrate 10. The input
portion of the signal electrode 12 refers to the end portion of
the signal electrode 12 (or a port or a connector provided at the
end portion of the signal electrode 12) to which the data signal
RF-A is input. Likewise, the input portion of the signal elec-
trode 22 refers to the end portion of the signal electrode 22 (or
aport or a connector provided at the end portion of the signal
electrode 22) to which the data signal RF-B is input. The side
edge of the substrate 10 refers to an end portion other than the
input-side end portion or the output-side end portion of the
substrate 10. In the example illustrated in FI1G. 5, the shape of
the substrate 10 is a rectangle EFGH. In this example, the side
FG and the side EH may be the “side edge” of the substrate 10.
The input portions of the signal electrodes 12 and 22 are
provided near the side FG of the substrate 10.

In the optical device with the configuration above, it is
assumed that the bit rates of the data signals RF-A and RF-B
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6

are very high (for example, several Gbit/s through several tens
Gbit/s) in this embodiment. Therefore, the data signals RF-A
and RF-B are provided through, for example, a coaxial cable
to suppress the influence of noise. However, there is a limit to
downsize the connector for terminating the coaxial cable.
Therefore, the input portions of the signal electrodes 12 and
22 are arranged at intervals larger than a specified interval
determined according to the size of the connector.

On the other hand, since the DC bias voltage is hardly
subject to the influence of noise, it is provided through simple
wiring. That is, the size of the input portions of the DC
electrodes 13 and 23 and the size of the wiring for providing
DC bias voltage for the DC electrodes 13 and 23 may be
reduced. Therefore, the input portion of the DC electrodes 13
and/or 23 may be arranged in the space between the input
portions of the signal electrodes 12 and 22. In the example
illustrated in FIG. 5, the input portion of the DC electrode 23
is arranged in the space between the input portions of the
signal electrodes 12 and 22.

Furthermore, in the optical modulator A, the DC electrode
13 is provided at the output side of the signal electrode 12.
That is, in the optical modulator A, the input light propagates
through the interaction area by the DC electrode 13 after
propagating through the interaction area by the signal elec-
trode 12. On the other hand, in the optical modulator B, the
DC electrode 23 is provided at the input side of the signal
electrode 22. That is, in the optical modulator B, the input
light propagates through the interaction area by the signal
electrode 22 after propagating through the interaction area by
the DC electrode 23.

With the configuration illustrated in FIG. 5, the signal
electrode 12 and the DC electrode 13 are formed along the
optical waveguide 115 in the optical modulator A, but the
signal electrode 12 and the DC electrode 13 may be formed
along the optical waveguide 11a. Itis also possible that one of
the electrodes (12, 13) is formed on the optical waveguide
11a, and the other electrode is formed on the optical
waveguide 115. The variations may be similarly used also in
the optical modulator B.

With the configuration above, for example, in the optical
modulator B, the interaction area by the signal electrode 22 is
formed up to the end portion of the optical waveguide 215.
Therefore, a sufficient interaction length is guaranteed with-
out leading the signal electrode 22 to the input side of the
optical modulator B. According to the configuration of the
embodiment, when the same interaction length is maintained,
the path length of the signal electrode is shorter than in the
configuration illustrated in FIG. 3. That is, the signal elec-
trode 22 of the embodiment is shorter than the signal elec-
trode 104B illustrated in FIG. 3. Therefore, in the optical
device of the embodiment, the modulation band is improved,
and the quality of a modulation signal is enhanced.

Inthe optical device of the embodiment, it is preferable that
the interaction length by the signal electrode 12 in the optical
modulator A and the interaction length by the signal electrode
22 in the optical modulator B are equal to each other. If the
interaction lengths of the optical modulators A and B are
equal to each other, the drive voltages of the optical modula-
tors A and B are also equal to each other, thereby simplifying
the configuration of the driver circuit 3. Otherwise, since the
modulated signals A and B respectively generated by the
optical modulators A and B are well balanced, the quality of
the multiplexed signal (QPSK modulated signal or polariza-
tion multiplexed signal) is improved.

In addition, it is also preferable that the interaction length
by the DC electrode 13 in the optical modulator A and the
interaction length by the DC electrode 23 in the optical modu-
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lator B are equal to each other. In this case, since the Vrtof the
DC electrode may be equal to each other between the optical
modulators A and B, the power supply for bias adjustment
may be shared.

FIG. 6 illustrates an optical device according to the second
embodiment. The optical device of the second embodiment
includes two DQPSK modulators A and B on the substrate 10.
The input light is split to be guided to the DQPSK modulators
A and B.

The DQPSK modulator A is provided with a splitting
waveguide 31, a pair of sub-Mach-Zehnder waveguides 32a
and 326 and a combining waveguide 33. The input light to the
DQPSK modulator A is split by the splitting waveguide 31,
and guided to the sub-Mach-Zehnder waveguides 32a and
32b. The output optical signals of the sub-Mach-Zehnder
waveguides 32a and 32b are combined by the combining
waveguide.

The sub-Mach-Zehnder waveguides 32a and 326 are
respectively provided with signal electrodes 34a and 34b and
DC electrodes 35q and 355. The interaction areas of the DC
electrodes 35a and 355 are formed on the output sides of the
interaction areas of the signal electrodes 34a and 345, respec-
tively.

Furthermore, the DQPSK modulator A includes a phase
shift element for providing a specified phase difference (for
example, 7/2) between the sub-Mach-Zehnder waveguides
32a and 32b. The phase shift element is realized by a phase
control electrode 36 for providing a control signal to the
output waveguide of one of the sub-Mach-Zehnder
waveguides 32a and 326 (the sub-Mach-Zehnder waveguide
326 in the embodiment). The control signal of the phase
control electrode 36 is generated by feedback control per-
formed while monitoring the output signal of the DQPSK
modulator A, for example.

The configuration of the DQPSK modulator B is basically
the same as the configuration of the DQPSK modulator A.
That is, the DQPSK modulator B includes a splitting
waveguide 41, sub-Mach-Zehnder waveguides 42a and 425,
a combining waveguide 43, signal electrodes 44a and 445,
DC electrodes 454 and 455, and a phase control electrode 46.
In the DQPSK modulator B, the interaction areas of the DC
electrodes 45a and 455 are formed on the input side of the
interaction areas of the signal electrodes 44a and 445, respec-
tively. In addition, in the DQPSK modulator B, the phase shift
element is realized by the phase control electrode 46 for
providing a control signal for the input waveguide of one of
the sub-Mach-Zehnder waveguides 42a and 425 (the sub-
Mach-Zehnder waveguide 425 in the embodiment).

As described, in the DQPSK modulator A, the input light
passes the interaction areas of the signal electrodes 34a and
345, the interaction areas of the DC electrodes 35a and 355,
and the interaction area of the phase control electrode 36 in
this order. On the other hand, in the DQPSK modulator B, the
input light passes the interaction area of the phase control
electrode 46, the interaction areas of the DC electrodes 45a
and 455, and the interaction areas of the signal electrodes 44a
and 44b in this order. Therefore, following three conditions
for the layout of the modulator are satisfied.

(1) The input portions of the signal electrodes 34a, 345, 44a,
445b are arranged at the same side edge of the substrate 10.
(2) The intervals between input portions of the signal elec-
trodes 34a, 34b, 44a, 445 are relatively wide.

(3) The path lengths of the signal electrodes 34a, 345, 44aq,
44b are not long.

In the DQPSK modulator A with the configuration above,
the DC electrodes 35a and 356 may be arranged on the input
side of the signal electrodes 34a and 344, respectively. In this
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case, in the DQPSK modulator B, the DC electrodes 454 and
45b are arranged on the output side of the signal electrodes
44a and 44b, respectively.

In addition, the DC electrodes 35a, 354, 45a, 455, and the
phase control electrodes 36 and 46 pass the area between the
DQPSK modulators A and B. According to the configuration,
the input portions of the electrodes 35a, 3556, 36, 45a, 455 46
may be arranged closely. In the optical device illustrated in
FIG. 6, the input portions of the DC electrodes 354, 355, 454,
45b, and the phase control electrodes 36 and 46 are arranged
in the output side areas of the DQPSK modulator B. There-
fore, these electrodes are easily connected and wired to an
external circuit.

FIG. 7 illustrates an optical device according to the third
embodiment. The configuration of the optical device accord-
ing to the third embodiment is similar to the configuration
according to the first embodiment illustrated in FIG. 5. How-
ever, in the third embodiment, the electrode for providing the
DC bias voltage for the optical modulator A is separated into
aDC electrode 13x and a DC electrode 13y. The DC electrode
13x is formed at the end portion of the substrate 10. The DC
electrode 13y is formed on and near the optical waveguide of
the optical modulator A. The DC electrodes 13x and 13y are
connected to each other by a bonding wire 13z. In this case,
the bonding wire 13z bridges over the signal electrode 22.

Likewise, an electrode for providing DC bias voltage for
the optical modulator B is separated into a DC electrode 23x
and a DC electrode 23y. The DC electrodes 23x and 23y are
connected to each other by a bonding wire 23z. The bonding
wire 23z bridges over the signal electrode 22.

According to the configuration above, a terminator 14 of
the data signal RF-A and a terminator 24 of the data signal
RF-B are provided on the same side edge of the substrate 10.
In the example illustrated in FIG. 7, the shape of the substrate
10 is a rectangle EFGH, and the terminators 14 and 24 are
provided near the side edge EH. The terminators 14 and 24 are
realized by, for example, connecting the signal electrodes 12
and 22 to the grounding electrode by a resistor element of a
specified resistance value.

FIG. 8 illustrates an optical device according to the fourth
embodiment. The optical device of the fourth embodiment is
a QPSK modulator (or DQPSK modulator). The configura-
tions of the optical modulators A and B are basically the same
as in the first embodiment.

However, in the fourth embodiment, the optical signals
output from the optical modulators A and B is multiplexed on
the substrate 10, and the multiplexed signal is output. The
optical device includes a phase shift element for providing a
specified phase difference (for example, m/2) between the
optical modulators A and B. The phase shift element is real-
ized by a phase control electrode 15 for providing a control
signal for the output waveguide of one of the optical modu-
lators A and B (optical modulator A in the embodiment). The
control signal of the phase control electrode 15 is generated
by, for example, the feedback control performed while moni-
toring the output signal of the optical modulator A or the
optical device.

In the QPSK modulator, the timing of the data signals are
appropriately adjusted between the optical modulators A and
B. In the example illustrated in FIG. 8, the data signals RF-A
and RF-B are adjusted such that a pair of optical signals are
synchronized with each other at a combining point 16. In this
case, for example, an adjustment is made to synchronize the
data signal RF-A at a position C with the data signal RF-B at
aposition D. The optical path length from the position C to the
combining point 16 is equal to the optical path length from the
position D to the combining point 16.
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However, the path length from the input portion of the
signal electrode 12 to the position C is not always equal to the
path length from the input portion of the signal electrode 22 to
the position D. Therefore, the optical device according to the
fourth embodiment includes a mechanism of adjusting the
timing between the data signals RF-A and RF-B. The adjust-
ment mechanism is also preferable when realizing a dual
drive modulator using the optical modulators A and B.

With the configuration illustrated in FIG. 8, the timing of
the data signals RF-A and RF-B is adjusted before input to the
substrate 10. That is, the optical device includes a relay sub-
strate 50. The material of the relay substrate 50 is not specifi-
cally limited, but may be different from the material of the
substrate 10. Signal electrodes 51 and 52 and a DC electrode
53 are formed on the relay substrate 50. The signal electrodes
51 and 52 are respectively connected to the input portions of
the signal electrodes 12 and 22 formed on the substrate 10
through bonding wires. The DC electrode 53 is connected to
the input portion of the DC electrode 23 formed on the sub-
strate 10 through a bonding wire. The data signals RF-A and
RF-B generated by the driver circuit 3 are input to the sub-
strate 10 through the signal electrodes 51 and 52, respectively.

The layout of the signal electrodes 51 and 52 is designed
such that, for example, the path length from the input terminal
of'the signal electrode 51 to the position C is equal to the path
length from the input terminal of the signal electrode 52 to the
position D. With the configuration, the driver circuit 3 outputs
the data signals RF-A and RF-B with the same timing. It is not
necessary that the driver circuit 3 outputs the data signals
RF-A and RF-B with the same timing. That is, the modulated
signals A and B may be synchronized with each other by
outputting the data signals RF-A and RF-B with appropriate
timing.

The above-mentioned adjustment mechanism may also be
realized by adjusting the timing of the pair of optical signals
output from the optical modulators A and B. For example, in
the fifth embodiment illustrated in FIG. 9, the optical signals
output from the optical modulators A and B are multiplexed
by an optical coupler 54 provided outside the substrate 10. In
this case, the length of the optical fibers for connection
between the optical modulators A and B and the optical cou-
pler 54 are designed such that the pair of optical signals are
synchronized with each other in the optical coupler 54.

FIG. 10 illustrates an optical device according to the sixth
embodiment. The configuration according to the sixth
embodiment is similar to the first embodiment illustrated in
FIG. 5. However, the sixth embodiment includes the configu-
ration of suppressing the chirp of a modulated optical signal.

In the sixth embodiment, domain inversion areas 61 and 62
are formed on the substrate 10. The domain inversion area has
an electro-optical characteristic different from that of the
non-domain inversion area. For example, assuming that the
refractive index of the non-domain inversion area is high
when an applied voltage is high, the refractive index becomes
low when the applied voltage is high in the domain inversion
area. In the optical modulators A and B, a part of the interac-
tion area by the signal electrode is arranged in the domain
inversion area.

In the optical modulator A, the signal electrode 12 is
formed along the optical waveguide 115 in the non-domain
inversion area, and is formed along the optical waveguide 11a
in the domain inversion area 61. In this case, the length of the
domain inversion area 61 is half or substantially half of the
interaction length L.. With the configuration, the chirp of the
optical modulator A is reduced to substantially zero. In addi-
tion, the domain inversion area 61 is arranged at the central
portion of the interaction area. Thus, zero-chirp is realized in
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awide band. Also in the optical modulator B, as in the optical
modulator A, zero-chirp is realized by using the domain
inversion area 62.

Thus, according to the sixth embodiment, the chirp of the
modulated optical signal is suppressed using the domain
inversion area. Therefore, the quality of the modulated signal
output from the optical device is improved.

FIG. 11 illustrates an optical device according to the sev-
enth embodiment. The configuration of the optical device
according to the seventh embodiment is similar to the con-
figuration according to the sixth embodiment. However, in
the seventh embodiment, only one domain inversion area 63
is formed on the substrate 10. Accordingly, in the optical
modulator A, the input side portion of the interaction area by
the signal electrode 12 is arranged in the non-domain inver-
sion area, and the output side portion of the interaction area is
arranged in the domain inversion area 63. On the other hand,
in the optical modulator B, the input side portion of the
interaction area by the signal electrode 22 is arranged in the
domain inversion area 63, and the output side portion of the
interaction area is arranged in the non-domain inversion area.

According to this configuration, the domain inversion area
is more simply designed than the configuration illustrated in
FIG. 10, thereby improving the production yield.

FIGS. 12 and 13 illustrate variations of the seventh
embodiment. In the embodiment illustrated in FIG. 12, in the
optical modulator A, the signal electrode 12 is arranged along
the optical waveguide 115 in the non-domain inversion area
on the input side of the domain inversion area 63, arranged
along the optical waveguide 11a in the domain inversion area
63, and arranged along the optical waveguide 115 in the
non-domain inversion area on the output side of the domain
inversion area 63. Likewise, in the optical modulator B, the
signal electrode 22 is arranged along the optical waveguide
215 in the non-domain inversion area on the input side of the
domain inversion area 63, arranged along the optical
waveguide 21a in the domain inversion area 63, and is
arranged along the optical waveguide 215 in the non-domain
inversion area on the output side of the domain inversion area
63.

In the embodiment illustrated in FIG. 13, a part of the DC
electrode 13 and a part of the DC electrode 23 are arranged in
the domain inversion area 63, respectively. Specifically, the
DC electrode 13 is arranged along the optical waveguide 11a
in the non-domain inversion area, and is arranged along the
optical waveguide 115 in the domain inversion area 63. The
DC electrode 23 is arranged along the optical waveguide 21a
in the non-domain inversion area, and is arranged along the
optical waveguide 115 in the domain inversion area 63.

FIG. 14 illustrates an optical device according to the eighth
embodiment. The configuration of the optical device accord-
ing to the eighth embodiment is similar to the configuration
according to the seventh embodiment. However, according to
the eighth embodiment, the interaction length 1.2 is longer
than the interaction length 1. The interaction length [.1 is the
length of the interaction area formed in the non-domain inver-
sion area by the signal electrode 12 in the optical modulator
A, and the length of the interaction area formed in the domain
inversion area 63 by the signal electrode 22 in the optical
modulator B. The interaction length L2 is the length of the
interaction area formed in the domain inversion area 63 by the
signal electrode 12 in the optical modulator A, and the length
of the interaction area formed in the non-domain inversion
area by the signal electrode 22 in the optical modulator B.

In the optical device with the configuration above, the high
frequency component of the data signal is attenuated when
the data signal is propagated through the signal electrode.
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Therefore, for example, if it is assumed that L1=1.2 in the
optical modulator A, the electro-optical effect by the data
signal RF- A is high in the non-domain inversion area, and low
in the domain inversion area 63. In this case, there is the
possibility that the chirp of the modulated signal is be suffi-
ciently suppressed. Therefore, the optical device of the eighth
embodiment is designed as follows. Each of the modulators A
and B has first and second interaction areas. The first interac-
tion area is formed closer to the input portion of the corre-
sponding signal electrode comparing with the second inter-
action area. That is, data signal is propagated through the first
interaction area and then through the second interaction area.
In addition, when the first interaction area is formed in the
non-domain inversion area, the second interaction area is
formed in the domain inversion area 63. On the other hand,
when the first interaction area is formed in the domain inver-
sion area 63, the second interaction area is formed in the
non-domain inversion area. And the interaction length (L.1) of
the first interaction area is designed to be longer than the
interaction length (L.2) of the second interaction area. Accord-
ing to this configuration, the zero-chirp controlis improved in
the eighth embodiment.

FIG. 15 illustrates a variation of the eighth embodiment.
The configuration in FIG. 15 includes domain inversion areas
64 and 65 formed on the substrate 10. In the optical modulator
A, the signal electrode 12 is arranged along the optical
waveguide 115 in the non-domain inversion area at the input
side of the domain inversion area 64, arranged along the
optical waveguide 11qa in the domain inversion area 64, and
arranged along the optical waveguide 115 in the non-domain
inversion area at the output side of the domain inversion area
64. In the optical modulator B, the signal electrode 22 is
arranged along the optical waveguide 215 in the domain
inversion area 64, arranged along the optical waveguide 21a
in the non-domain inversion area between the domain inver-
sion areas 64 and 65, and arranged along the optical
waveguide 215 in the domain inversion area 65. With the
configuration, the chirp is suppressed in a wide band by
appropriately designing the interaction length of each area
without degrading the balance of red chirp and blue chirp in
the high frequency area of the data signal.

FIG. 16 illustrates an optical device according to the ninth
embodiment. In the ninth embodiment, the substrate 10 is a
parallelogram. That is, the CW light generated by the laser
light source 2 is obliquely input to the substrate 10 with
respect to the input edge surface. The modulated optical sig-
nal generated by the optical modulator is obliquely output
from the substrate 10 with respect to the output edge surface.
Accordingly, the reflection loss is reduced.

The configuration of the optical waveguide and the elec-
trode according to the ninth embodiment is similar to the
configuration according to the seventh embodiment illus-
trated in FIG. 11. However, in the ninth embodiment, the
shape of a domain inversion area 66 is parallelogram 1JKL.
The sides 1J and LK of the domain inversion area 66 are
parallel to the sides EF and HG of the substrate 10. With the
configuration, a manufacturing process of generating the
domain inversion area is simpler.

The embodiments illustrated in FIGS. 5 through 16 are
described by assuming that the substrate 10 is a Z cut sub-
strate, but the invention is not limited to this assumption. That
is, the substrate 10 may be an X cut substrate. When the
substrate 10 is an X cut substrate, a signal electrode, a DC
electrode, and a phase control electrode are not formed right
above the corresponding optical waveguide, but formed close
to the corresponding optical waveguide.
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All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader in under-
standing the invention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and
conditions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the invention. Although the embodiment (s) of the
present inventions has (have) been described in detail, it
should be understood that the various changes, substitutions,
and alterations could be made hereto without departing from
the spirit and scope of the invention.

What is claimed is:

1. An optical device provided with first and second QPSK
optical modulators formed on a substrate having electro-
optical effect, wherein

the first QPSK optical modulator comprises a first pair of

sub-Mach-Zehnder waveguides;

the second QPSK optical modulator comprises a second

pair of sub-Mach-Zehnder waveguides;

in the first QPSK optical modulator, a first phase control

electrode for providing a control signal to control a

phase of the first pair of sub-Mach-Zehnder waveguides

is formed at an output side of the first pair of sub-Mach-

Zehnder waveguides; and

in the second QPSK optical modulator, a second phase

control electrode for providing a control signal to con-

trol a phase of the second pair of sub-Mach-Zehnder
waveguides is formed at an input side of the second pair
of sub-Mach-Zehnder waveguides.

2. The optical device according to claim 1, wherein

the first QPSK optical modulator comprises:

afirst signal electrode configured to provide a data signal
for the first pair of sub-Mach-Zehnder waveguides;
and

afirst DC electrode, arranged at an output side of the first
signal electrode, and configured to provide first DC
voltage for the first pair of sub-Mach-Zehnder
waveguides; and

the second QPSK optical modulator comprises:

a second signal electrode configured to provide a data
signal for the second pair of sub-Mach-Zehnder
waveguides; and

a second DC electrode, arranged at an input side of the
second signal electrode, and configured to provide
second DC voltage for the second pair of sub-Mach-
Zehnder waveguides.

3. The optical device according to claim 1, wherein

at least one of the first and second phase control electrodes

passes an area between the first and second QPSK opti-

cal modulators.

4. An optical device provided with first and second QPSK
optical modulators formed on a substrate having electro-
optical effect, wherein

the first QPSK optical modulator comprises a first sub-

Mach-Zehnder waveguide and a second sub-Mach-Ze-

hnder waveguide;

the second QPSK optical modulator comprises a third sub-

Mach-Zehnder waveguide and a fourth sub-Mach-Ze-

hnder waveguide;

in the first QPSK optical modulator, a first phase control

electrode for providing a control signal to control a

phase of the first sub-Mach-Zehnder waveguide and a

phase of the second sub-Mach-Zehnder waveguide is

formed at an output side of the first sub-Mach-Zehnder
waveguide and the second sub-Mach-Zehnder
waveguide; and
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in the second QPSK optical modulator, a second phase
control electrode for providing a control signal to con-
trol a phase of the third sub-Mach-Zehnder waveguide
and a phase of the fourth sub-Mach-Zehnder waveguide
is formed at an input side of the third of sub-Mach- 5
Zehnder waveguide and the fourth sub-Mach-Zehnder
waveguide.

14



